Whereas previous works for B(E2)'s in the even-even Ti isotopes focused on yrast transitions we here also consider inter-band transitions to a second group, i.e. states like 0 2 , 1 1 , 2 2 , 3 1 , 4 2 , 5 1 , etc. We focus on variations from one eveneven Ti isotope to the next. We make a qualitative comparison with similar transitions in a heavier deformed nucleus.
Introduction
Previous studies of even-even Ti isotopes showed reasonably strong B(E2)'s in the yrast band: J=0 1 to 2 1 , 2 1 to 4 1 , etc. [1] . In this work we study transitions from states in the yrast band to a second group of states: 1 1 , 2 2 , 3 1 , 4 2 , 5 1 , i.e. second excited states of even J and lowest states of odd J. We use the shell model code NuShellX [2, 3] . Comparisons of results are made with 2 interactions GX1A [2, 3] and FPD6 [4] . For both interactions, the effective charges of the proton and neutron are 1.5 and 0.5 respectively. Most of the B(E2)'s will be shown with J i less than J f . To turn things around one can use the relation
We make comparisons with the rotational model as described by Bohr and Mottelson [5] , especially with the lowest K=0 and K=2 bands present in their works. They give simple formulas for B(E2)'s and static quadrupole moments (they use I instead of J for angular momentum).
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Where Q is the static quadrupole moment Q 0 is the intrinsic quadrupole moment. Our first group should be compared with the K=0 band of Bohr and Mottelson although we recognize that the shell model and rotational model are not exactly the same. Our second group differs from a K=2 band inasmuch as we include states 0 2 and and odd J's -1 1 , 3 1 etc.
Our main concern will be transitions from the yrast band to the second group for which there are no such clear cut formulas.
The nuclei considered are 44 Ti, 46 Ti, 48 Ti , 50 Ti and 48 Cr. Whereas Robinson et al. [1] considered the even J yrast band we here show results which also include a second group as described in the introduction. The shell model code NUSHELLX@MSU [2] was used to perform these calculations. Further details are given in the work of Honma et al. [3] . We show results for the GX1A [3] and FPD6 Interactions [4] .
Comments on the two interactions
The values of B(0 1 → 2 1 ) are consistently larger with the FPD6 interaction than with GX1A. For example in 48Cr the respective values are 1570 and 1254 e 2 fm 4 . A contributing factor for this can be found by looking at the single particle energies relative to f 7 2 in Table 1 . For example the p 3 2 -f 7 2 splitting with FPD6 is 1.8942 MeV, which is significantly smaller than the corresponding value for GX1A of 2.9447 MeV. There will therefore be more configuration mixing with FPD6 and this leads to an enhancement of the B(E2) strength. 
The Tables
In Table 2 we compare B(E2)'s from J 1 to (J + 2) 1 (intra-band) , J 1 to (J + 2) 2 (inter-band) and J 2 to (J + 2) 2 (intra-band). Comparisons are made between the FPD6 and GXIA interactions. 
Discussion of the B(E2) Tables
We start with a crude overview of the results. For the yrast transitions if we go in the opposite direction, namely from J to (J-2), then in the rotational and vibrational models the B(E2)'s increase with J but in our shell model calculations they decrease with J after J=4 [1] . On the whole the J 1 to (J + 2) 1 (yrast) transitions are the largest and the J 2 to (J + 2) 2 are often large as well but not as much. To partially understand this we use the rotational formula for B(E2)'s as given in the introduction. Consider for example a transition from J=2 to J=4. If we assume Band 1 has K=0 and band 2 has K=2, and both have the same intrinsic quadrupole moment Q 0 , then the ratio
In detail from Table 2 , the ratios are smaller than that except for 44 Ti. Although some of the J 2 to (J + 2) 2 transitions are reasonably large this is not always the case. For example consider the 2 2 to 4 2 transitions using the FPD6 interaction. The values for 44 Ti, 46 Ti, 48 Ti and 50 Ti, and 48 Cr are respectively, 118.0, 14.90, 134.0, 18.8, and 360.0 e 2 fm 4 . Some are large and some are small.
One main point of this study is that the inter-band transitions are quite small with some glaring exceptions e.g. 0 1 to 2 2 in 48 Ti -108.40 with FPD6 and 99.1 e 2 fm 4 with GX1A. It is difficult to see a simple trend with neutron number for these inter-band transitions. Using again the example of 2 1 to 4 2 the respective values for FPD6 are 1.29, 5.73, 0.36, 0.85 and 11.70 e 2 fm 4 . In the Ti isotopes we go from low to high to low to high, so it is difficult to find a clear-cut trend.
The results may be useful however to prevent excessive hand waving. Also by using 2 interactions we get a feel about how far we can go in making quantitative remarks about the inter-band transitions. There is unfortunately much variation in the results. For example, again for 2 1 to 4 2 , the values for FPD6 (GX1A) are respectively: 1.90 (0.01), 5.73 (11.70), 0.36 (5.62), 0.85 (1.10), 11.70 (12.60). We can however make the qualitative remarks that the J 1 to (J + 2) 2 B(E2)'s are much smaller than the yrast B(E2)'s and in the majority of cases also smaller than the J 2 to (J + 2) 2 B(E2)'s. Sr. This shows that the latter nucleus is indeed more strongly deformed than any of the Ti isotopes.
In their Table 4 Clément et al. [6] show reduced matrix elements. In our Table 3 we show rather the ratio of a given B(E2) to the intra-band 0 1 −→ 2 1 B(E2) with the GX1A interaction. The ratio of this transition to 2 1 −→ 2 2 in 98 Sr is quite small whereas for 44 Ti and 46 Ti the values are 0.2909 and 0.1694 respectively. A Ratio close to 0.2 is also found for 0 1 → 2 2 in 48 Ti. 7 Even J to Odd J Transitions
The above tables also contain even J to odd J B(E2)'s. We show in Table 4 some selected ones in 48 Cr. While most of them are small, there are some surprisingly large ones from 4 2 to 5 1 , 6 2 to 5 1 , and 6 2 to 7 1 . Note that for 46 Ti, 48 Ti and 48 Cr the quadrupole moments of the 2 1 states are negative and those of the 2 2 states are positive. In the rotational model (see introduction) the value of Q(2 0 )is equal to − 2 7 Q 0 whilst the value for Q(2 2 ) is + 2 7 Q 0 . Indeed, the quadrupole moments of J=2+ for a K=2 band are equal and opposite of those of a K=0 band.
B(E2)'s from the J=0+ ground state to several 2+ states
In Tables 7 to 16 we present B(E2)'s, Energies and B(E2)*Energy for the J=0+ ground state to 17 J=2+ excited states. In all cases the values of B(E2)'s and energy weighted B(E2)'s are larger for the FPD6 interaction than for GX1A. This was briefly discussed in the context of Table 1 where it is shown that the single particle excitation energies, relative to 0f 7 2 , are smaller for FPD6 than for GX1A. There is more configure mixing for FPD6 and more collectively. In all cases the largest transition is to the 2 1 state. After that the 2 interactions sometimes differ in which state has the next strongest strength. For example in 48 Cr the first 3 B(E2)'s with FPD6 are 1569, 52.10 and 15.50 e 2 fm 4 whereas with GX1A they are 1254, 3.10 and 75.60 e 2 fm 4 . With FPD6 the second 2+ state has the second most strength but with GX1A it is the third. Things are steadier if we look at the summed strength and summed energy weighted strength. 2.53 5.03 12.7302 2 5 6.38 5.31 33.8727 2 6 1.23 5.88 7.249873 2 7 1.77 6.04 10.6823 2 8 1.57 6.53 10.24818 2 9 1.60 6.60 10.556 2 10 6.40 6.74 43.16672 2 11 0.09 6.80 0.632316 2 12 2.98 6.93 20.6508 2 13 3. In Table 17 we show the percent deviation in the summed strength and the energy weighted strength between the 2 interactions. [8] showed that admixtures of highly deformed (intruder) states are important in the lower half of the p-f shell and can lead to enhanced B(E2)'s. Robinson et al. [9] noted that the measured ratio B(E2,4→2) B(E2,2→0) in 48 Cr was smaller than the predictions of the shell, rotational and vibrational models. In working with the SU(3) Model of Elliott [10] , Kingan and Zamick [11] noted that there are no non-zero B(E2)'s from the ground S=0 (80) band to the S=1 (61) first excited band. This is because the E2 operator has no spin dependence and therefore cannot connect S=0 to S=1. This is an extreme model which gives insight into why the inter-band transitions are small.
We here present the results for B(E2)'s in a more compact form. In Tables 20,  21 , 22, 23, and 24 we give GX1A results for 44 Ti, 46 Ti, 48 Ti, 50 Ti and 48 Cr respectively. 13 Acknowldgements
